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REMOVAL OF POST-RIE POLYMER ON Al/CU METAL LINE 
BACKGROUN D OP THE TNVENTTON 

1. FIELD OF THE INVENTION 

The invention relates to a improved process for 
removing post-RIE polymer rails formed on a Al/Cu metal 
line of semiconductor structures or microelectronic 
devices using a chemical mixture that contains an 
etching gas and an acid neutralizing gas. More 
specifically, the improvement process comprises 
removing the sidewall polymers left behind after the 
metal (Al/Cu) RIE process, using a mixture of an 
etching agent and an acid neutralizing reactant 
introduced either in a gaseous or plasma form, wherein 
the etching agent is a fluorine based species such as 
HF, and the acid neutralizing reactant is a chemical 
such as NH3 . 

2 . DESCRIPTION OF THE PRIOR ART 

In ULSI (ultra large scale integration) devices, 
the electrical connection between metal layers is 
achieved by sub micron via holes. These via holes are 
formed by cutting through inter layer dielectric (ILD) 
using anisotropic reactive ion etching (RIE) processes, 
usually with CF4 or CHF3 and with inert gas mixtures. 
The etch residue is non-corrosive and is easily 
removed . 

During the RIE process of a composite structure 
having silicon oxide as the interlayer dielectric, a 
barrier layer, a metal stack layer, and a photo-resist, 
after exposure and development of the photo-resist, 
insoluble polymers that are mostly inorganic in nature 
form as sidewalls and some of the chemical constituents 
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are Al,Si,Ti,0, C and CI. This residue is relatively 
corrosive and difficult to remove. 

Currently, post metal RIE cleaning is done using a 
chromic-phosphoric acid tank bath or by other solvent 
based chemistry. Further, there is a certain time 
window of approximately 4 hours between completion of 
the RIE process and the wet cleaning step to avoid 
corrosion. 

Some drawbacks of the currently existing wet 
chemical cleaning methods are as follows: 

1) An acid based chemistry (without any HF in it) 
is not efficient in removing polymer rails that have 
high silicon content in them (as found in metal pads 
located in the support region) ; and 

2) A solvent based chemistry generally takes a 
longer process time (approximately 10 minutes as 
compared to 2 to 4 minutes for a typical acid based 
clean) and typically is encumbered as a result of costs 
and environmental disposal requirements. 

An apparatus for and method of accurately using a 
gaseous mixture of HF and NH3 to etch precise amounts 
of silicon dioxide is disclosed in U.S. Patent 
5,282,925. This method comprises: admitting a reactant 
containing gas into a vacuum chamber onto a substrate 
having a material to be etched to form a film of the 
reactant on the surface of substrate material; 
controlling the composition and residence time of the 
film on the surface of the material to be etched in an 
amount accurate of material on the substrate; and 
removing any unwanted reactant and reaction product 
from the chamber or surface of the substrate. The 
patent does not teach reaction with a complex mixture 
of silicon dioxide, aluminum dioxide, and carbon, or 
successful diffusion of ammonia and HF through the 
reaction products of the complex mixture. 

U.S. Patent 5,129,958 discloses a method for 
cleaning a CVD deposition chamber in a semiconductor 
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wafer processing apparatus comprising, contacting 
fluorine residues remaining therein from a plasma 
fluorine cleaning step with one or more reducing gases. 

Pages 235-242 of the Electrochemical Society 
Proceedings Volume 95-20 by Tong et al., discloses 
removal of polymeric/silicate residues and reduction of 
contact resistance for inter-metal via holes by vapor 
phase HF cleaning. The vapor HF treatment reduces the 
metal-to-via contact resistance, due to the presence of 
AIF3, formed by the reaction between the vapor HF and 
the A1/A1 2 0 3 at the via base. CF 4 or CHF 3 based RIE 
chemistry on an oxide field produces a polymer of low 
aluminum content without chlorides. Such a polymer is 
eas i ly removed and is less corros ive than the one 
formed after aluminum RIE. 

A process for removal of residues remaining after 
etching a polysilicon layer in formation of an 
integrated circuit structure is disclosed in U.S. 
Patent 5,296,093, wherein, in lieu of removing 
polymerized silicon/oxide-containing residues by 
dipping previously RIE etched structure into a HF bath, 
the RIE etched structure is treated with an aqueous 
ammonium-containing base/peroxide solution after 
completion of the RIE etch to remove such residues. 

There is a need in the art of cleaning RIE etched 
materials to lessen the time window of about 4 hours 
between the completion of the RIE process and the wet 
clean step. 

Putting it another way, there is a need to avoid 
the time coupling between RIE and wet clean and to 
avoid the use of a wet chemical clean in the art of 
reactive ion etching (RIE) processes which form metal 
lines by cutting through metal stack by virtue of 
anisotropic reactive ion etching (RIE) processes. 
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SUMMARY OF THE INVENTION 


One object of the present invention is to remove 
post-RIE polymer rails formed on a Al/Cu metal line by 
5 employing a mixture of etching gas and an acid 
neutralizing gas as a gas clean. 

Another object of the present invention is to 
provide a metal etched post clean process that does not 
involve the use of wet chemicals. x 
10 A yet further object of the present invention is 

to provide a post metal etch process by using a gas 
phase chemistry that eliminates both the use of wet 
chemicals by using only deionized water (DIW) and the 
time window or span that currently exists between a 
2= 15 metal etch and clean. 

fU A further object yet still of the present 

O 

~ invention is to provide removal of post-RIE polymer 

Sj rails formed on a Al/Cu metal line by using gas phase 

S chemistry that uses a fluorine based etching agent such 

7 20 as HF and an acid neutralizing chemical such as NH3. 

Another object yet still of the present invention 
is to provide a process for removal of post-RIE polymer 
bj rails on the metal line of Al/Cu by chemically 

^ modifying the polymer rails into a water-soluble form 

2 5 by a gas mixture of HF and NH3 and then remove the 

water soluble form of the polymer rails using a 
deionized water rinse. 

A still further object of the present invention is 
to suppress the corrosion of the metal Al/Cu line by 

3 0 removing the post-RIE polymer rails by neutralizing the 

active chloride component in the rails that causes 
corrosion by either neutralizing the chloride component 
with NH 3 or exchanging the chloride component with 
fluoride . 

35 Another object of the present invention is to 

effect removal of the post-RIE polymer rails formed on 
a Al/Cu metal line by using integrated process that 


m 
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eliminates both the use of post wet chemical and the 
time delay involved between the RIE and the wet clean 
step, and thereby streamline the production process at 
the metal etch level. 

In general, the invention is accomplished by 
avoiding the time coupling between RIE and wet clean 
and the use of a wet chemical clean, by introducing a 
mixture of a etching agent and an acid neutralizing 
reactant, either in a gaseous or a plasma form, after 
the metal etch process, to chemically modify into a 
water soluble form, the post-RIE polymer rails and 
thereby suppressing the corrosion of the metal line, 
eliminating the time coupling between RIE and wet 
clean, and also eliminating the use of the wet chemical 
clean as well* 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing sequence 1 of 
the present invention, wherein, from sequence 1, the 
RIE polymers are first converted into a water soluble 
chemical form in step 2 , and during step 3 , the RIE 
polymers in water soluble chemical form are removed. At 
step 4 , the remaining photo-resist is removed by either 
a plasma process or a chemical down stream etching 
method. Since this step usually takes place at 
temperatures greater than 2 00°C, a passivation layer 
forms on the Al metal line surface. As shown in Figure 
1, the sequence of steps illustrated can take place 
within integrated metal etch tool 5 which provides RIE 
of metal lines, removal of photoresist, removal of 
sidewall residues and associated processing. 

FIG. 2 is a block diagram which can take place 
within tool 5, depicting an alternative embodiment of 
the invention, wherein, step 2 is used to remove the 
photo-resist in the strip chamber. This process is done 
with a water-only plasma at a low temperature of about 
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175-200 °C thereby limiting the thickness of the 
sidewall polymer. The polymer rails are chemically 
modified in step 3 and rinsed off with DIW in step 4. 

FIG . 3 are microphotographs showing the array and 
5 support region photos resulting from the process of 
seguence 1, where a mixture of HF+NH3 is used to remove 
polymer rails of BCI3 RIE etching of an Al/Cu metal 
line, followed by rinsing and plasma stripping of 
polymer . 

10 FIG. 4 is a microphotograph of an alternative 

embodiment or sequence 2 of the invention wherein, 
photos of the array and support region are shown as a 
result of removing polymer rails of BCI3 RIE etching of 
an Al/Cu metal line followed by a water based 
15 downstream plasma and, after subjecting said rails to a 
nJ mixture of HF+NH3 and rinsing. 

- j DETAILED DEBCRTPTTON OF THE INVENTION 

£ 2 0 The foregoing and other objects and advantages of 

the invention will be better understood by resort to 
the following detailed description of the preferred 
embodiments of the invention. 

After the metal etch process, a gas phase 
25 chemistry is utilized to eliminate both the use of wet 
chemicals by using only deionize water (DIW) and the 
time window that exists between the metal etch and 
clean. 

Further, in the invention process, a method for 
3 0 integrating the use of the gas phase chemistry with the 
metal etch tool is provided, wherein the gas phase 
chemistry uses a fluorine based etching agent such as 
HF and an acid neutralizing chemical, such as NH 3 . 

Through experimentation, it was discovered that 
3 5 the Al, Ti, and C in the complex sidewall mixture 
following metal RIE do not inhibit the reaction of 
ammonia and HF with silicon dioxide nor do they inhibit 
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diffusion of ammonia and HF through the solid reaction 
product which is formed. The post-RIE polymer rails on 
the Al/Cu metal line are first chemically modified into 
a water soluble and less corrosive form by the gas 
5 mixture, which is then removed using a deionized water 
rinse . 

While not desirous of being bound by any theory as 
to how the invention is accomplished, it is 
nevertheless believed that the chlorine component in 
10 the polymer rails is the active species that enhances 
corrosion, and that the chloride part of the polymer 
rails (either as free CI- or HC1) is either neutralized 
with NH 3 or exchanged with fluoride, and that this 
n chemical interaction is responsible for suppressing the 

j} 15 corrosion of the Al/Cu metal line. 

[y By use of the invention method, the polymer rails 

D 

jr are removed in an integrated process wherein, the metal 

V J etch-gas chemistry-DIW based clean, eliminates both the 

O 

^ use of a post wet chemical and the time delay involved 

Li : 

£ 2 0 between the RIE and the wet clean step. Accordingly, 

J^j this integrated invention process streamlines the 

g production process of microelectronic devices at the 

^ metal etch level. 

25 EXAMPLE 1 


After the metal (Al/Cu) RIE process on a composite 
structure comprising a silicon oxide interlayer 
dielectric, a barrier layer, a metal stack layer, and a 
3 0 photoresist layer, dry wall polymers rails remain that 
are mostly inorganic in nature, and some of the 
chemical constituents of the rails are Al, Si, Ti, O, 
C, and CI. 

Both the time coupling between RIE and wet clean 
3 5 and the use of a wet chemical clean is avoided by 
introducing into the reaction chamber, a mixture of an 
etching agent and an acid neutralizing reactant., either 
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in a gaseous or in a direct or remote plasma form. The 
etching agent containing the fluoride based species is 
hydrofluoric acid and the acid neutralizing chemical is 
ammonia gas . 

The etching agent reacts with the sidewall polymer 
rails and converts them into another chemical form that 
is easily removed, and the chemical reaction for this 
segment of the process is as follows: 

Si0 2 + 6HF + 2 NH 3 = (NH 4 ) 2 SiF 6 + 2H 2 0 [1] 
A1 2 0 3 + 6HF = 2A1F 3 + 3 H 2 0 [2] 
The acid neutralizing chemical effectively takes 
care of any acid species that may be present, such as 
HC1, which is the etchant gas used during the metal RIE 
process or that may form due to the reaction of free 
chlorides with water. 

The neutralization reaction is as follows: 

HC1 + NH 3 = NH 4 C1 [3] 
The products from both the etching and 

neutralization reaction are soluble in deionized water. 

If the above reactions do not occur, then the 
sidewall can trap chlorine and water species. This 
could result in a corrosion cycle where the chlorine 
acts as a catalyst . 

2A1 + 6 HCl-> 2 A1C1 3 + 2 H 2 [4] 
followed by a hydrolysis reaction, 

2A1C1 3 + 6 H 2 0-> Al(OH) 3 + 6 HC1 [5] 
with the HCL being cycled back to reaction [4]. 

These kinds of reactions give rise to the small 
time window between metal RIE and the sidewall removal 
which is needed for corrosion . 

Reactions [l]-[3] are especially advantageous to 
prevent reactions [4] -[5], because gaseous H 2 0 is not 
required to induce the HF reaction with the oxides and 
because the low reaction pressure (under 10 mTorr) 
enables the H 2 0 reaction product to escape. The low 
reaction pressure also enable easy integration of a 
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chamber designed to carry out reactions [l]-[3], with 
the metal RIE process tool. The vacuum chamber may be 
interfaced with the metal etch tool or could be left as 
a stand-alone chamber for introducing the reaction 
5 mixture. 

Reference is now made to FIG 1. where step 1 of 
one embodiment of the invention involves the use of 
metal etch chemistry in which there is no change from 
existing methods (reactive ion etching [RIE]). 
10 Accordingly, sequence 1 of the first embodiment of 

the invention involves the use of a metal etch well 
known in the prior art; however, step 2 of sequence 1 
of the first embodiment as shown in FIG. 1, requires 
the gas phase chemistry in order to obtain the two 
15 sequences and the process integration wherein, after 
[U the RIE polymers are converted into a water-soluble 

chemical form by a mixture of HF and NH 3 to obtain a 
water soluble chemical. The water soluble chemical is 
rinsed in deionized water, whereupon the soluble 
2 0 chemical materials are removed. At step 4, the 


^ remaining photo-resist is removed by either a plasma 

q process or a chemical down stream etching method. This 

iy step takes place at temperatures greater than about 

rf 2 00 °C and a passivation layer forms on the aluminum 

2 5 metal line surface. 


kyampt.e 2 


In this embodiment of the invention or sequence 2, 
3 0 step 1 involves the use of a metal etch chemistry such 
as that described in Example 1 on a composite structure 
comprising a silicon oxide interlayer dielectric, a 
barrier layer, a metal stack layer, and a photoresist 
layer. At step 2 for sequence 2, a water-only plasma 
3 5 process is employed in the reaction chamber to strip 
the photo-resist; whereupon the formed polymer rails 
are chemically modified in step 3 by treatment with a 
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mixture of the hydrogen fluoride etching gas and the 
acid neutralizing gas, ammonia. Thereafter, deionized 
water is used to rinse off the water soluble chemical 
materials formed from the sidewall polymers in step 4. 

It should be understood that, for the embodiments 
in both sequences 1 and 2 as shown in FIGS. 1 and 2, if 
necessary, an acid based clean may be used partly in 
the water rinse station to remove the residuals from 
the metal lines, and said acid based clean may be 
composed of a diluted sulfuric acid with hydrogen 
peroxide mixture. (Delehanty et al. , Patent No. 

5,780, 363) 

In the context of the invention, with the current 
trend towards the use of dielectric hard mask (silicon 
dioxide and silicon nitride layers) , the integrated gas 
phase chemistry with the RIE process will be able to 
remove the polymer rails from the Al/Cu metal lines 
efficiently. 

As can be seen from FIG. 3, microphotographs of 
X100K depict the array and support region of a DRAM 
chip obtained using a BC1 3 RIE etch that has been 
subjected to a mixture of HF + NH 3 and rinsed, followed 
by an oxidizing downstream plasma. 

Similarly, in FIG. 4, the method of sequence 2 of 
the present invention depicts the array and support in 
which, after a BC1 3 RIE etch, the wafer is subjected to 
water downstream plasma followed by treatment with the 
gas phase chemistry combination of HF + NH 3 , and 
thereafter rinsed to obtain the support. In FIG. 4, 
which shows the results of utilizing sequence 2 of the 
invention, the microphotographs are shown at X100K. 

It is important to note that, the gaseous mixture 
of HF and NH 3 cannot be used to define the metal lines 
of Al/Cu. In order to form the Al/Cu metal lines, a 
chlorine based plasma chemistry is used. Typical 
sources of the chlorine based plasma are HC1/BC1 3 with 
Cl 2 gas. 


US 01 

11 

The composite structure of the material giving 
rise to the metal lines of Al/Cu are as follows: 

Silicon oxide as the interlayer dielectric, a 
barrier layer, a metal stack layer, and a photo-resist. 
After the exposure and development of the photo-resist, 
RIE is done to define the Al/Cu metal line. This leaves 
behind sidewall polymeric residues that have Al, Si, 
Ti, O, C and CI, along with some amounts of the barrier 
layer elements as well. 

In the present invention, the reason for using the 
particular gas or plasma mixture of HF and NH3 is that 
is important to have a good process as a post-clean. In 
order to have a good process as a post-clean, it is 
necessary to remove the sidewall polymer which has 
chlorine in it to prevent enhancement of corrosion of 
the metal lines, and to etch/chemically modify the 
residue to be water soluble while simultaneously not 
etching the metal line itself. 

Further, in the present invention, the NH 3 
neutralizes most of the free chloride thereby 
preventing corrosion of the metal lines. 

Once the chloride has been neutralized, the HF/NH3 
then etches/chemically modifies and neutralizes the 
residue into a water soluble form. 

The most significant advantage of the invention 
process is that it can be interfaced directly with the 
metal etched tool, where there is a separate chamber 
that performs this chemistry (either post resist strip 
or prior to resist strip) , thereby allowing a final 
step of using only deionized water as a rinse. 

Accordingly, subjecting the composite structure of 
silicon oxide as the inter layer dielectric, barrier 
layer, metal stack layer, and photo-resist layer to the 
etching/neutralizing gaseous or plasma mixture is a 
significant advance in the art of preparing 
microelectronic devices . 
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While it is to be noted that the preferred 
embodiments of the invention utilize a Al/Cu metal line 
in which post-RIE polymer rails formed are removed, it 
is to be understood that those skilled in the art may 
5 effect modifications, inclusive of practicing the 
invention for metal lines other than Al/Cu without 
departing from the spirit and scope of the invention. 

Having described our invention, we claim as new 
and desire to secure by Letters Patent, the following: 



